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ABSTRACT 

PROBLEM TO BE SOLVED: To maJce the diffraction efficiency of a design degree 
high over the in-use wavelength range and the diffraction efficiency of a 
degree nearby a design diffraction degree low by constituting a diffraction 
optical element by putting at least two diffraction gratings which are 
formed of materials with different Abbe numbers (dispersion) one over the 
other , 



SOLUTION: The diffraction optical element 1 comprises the diffraction 
gratings formed of materials having mutually different dispersion. For 
example, a 1st diffraction grating 2a and a 2nd diffraction grating 2b are 
put one over the other on a substrate corresponding to each other by 
pitches. Step shapes in one cycle (grating pitch P) monotonously decrease 
in grating thickness as to the 1st diffraction grating 2 and monotonously 
increase as for the 2nd diffraction grating 2b in one direction to stages 
(a), {b)...(h). 
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[ 0 0 3 3 ] 4^, Mci. mift^(Dmmm^+ 1 <^ 
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mi-co^^ytm^L i b tm2<Dm^t^^^cnyt^Mm 

Lb=Llb+L2b= (nl-1) dlb+ (n2-l) d2b 
= (1.461-1) *1724.4+ (2.335-1) * 49.6=861. 2nin 



t^Sr^. OTJit::Lc=794.9nm, Ld=728.7nci, Le 
=662.4nin. Lf =596.2nm. Lg=529.9nmt^0 . h 
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^cnmisxi^'mmm.m^/mv^ i = 2X'Wlw^}^^^ o i 
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LI' =1081niB=1060 + 21=Ll-f-AL 
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1 0 0 4 6 ] 1 -:>(^mtA L 1 cO^-fllfiCJt^T 
A L 2 co^^ttoU 0 < =5:^ i a C^^W^^iRm 

2<i^ lcOi>cO$r^r^. AL = -13 0nnii:TtL 
[0047] 2 ;^$r/i < -t 

53 0miTLl = l 3 8 2nin. ||2<7)lHlJft&^ i: LT L 

2 = - 8 5 2nini:-riXt^. 3 OnmX{i.^yt^^ 30 

3 0nmi::^^, ^?t!fe;^4 0 OnrnT'ti, 
LI' =1409nm=1382 + 27 = Ll+ALl 
L2' =-1 009nia=-852-l 57 = L24-AL 
2 

7£^3^;l0^^tS*±AL-- 1 3 Onmfc^O: 

MLt^mifzm^L. :iixizx->xmm<^W)^^nxK^ 

^Z^^ 5 3 Onmi: 0 0 rnXM^^m^^^ 40 

[00481 feLb3^'<3t J; 0 c. ymimmx\,i. 

2-:)O^^^»5m5ri.'3*t©^0lBI^3t^^^^S 

ti.^i:>^xm^h:Lt. 
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1 2 

[00501 2o<7)[niirrfST-(i. ^^-m^m^ i 

ib^^X'mm-h:it. 

[005 1 1 ( ™ ) ^^^^ff^// 1 f^mnx-m^-^^h 

J^-^ti. t^ilirr^tII^tS-T2b<7)t^®C0^ (Tv^lE 
1/2) i^--r-&tIirrfS-T2a.<7)*f®C0i^SiE (r-y^ 

[00521 ( 7^ ) ^^^^ffm*^ 1 i?3^i*]-rmija^-^ 

2) 3i?-\ t^fin-r^InirrlS7^2ai7)^JW(7^^^ (r'/'<.^ 
V 1 ) iOi^^V^^t. Hn-^i^2<t/ I^W^LV^. 
[0 0 531 fSJ. <I<:OCi:ti, !l2Cci5i^T^2^0tHl^ 

2 b omjn^3&«m 1 <r>mm^'^ 2 a^oM^i^-^ j: 

[00541 (-s) ^C3t^^:g*« 1 mm^x-m-t 
[00551 ih) mzy^^ym^i}^ 1 mm^xmni^ 
[00561 ( ^ ) ni,z^^yci^M^< 1 mm^x-m^- 

[00571 < U ) mf^Z^^^yt^M-^ 1 JMMl^T-iiSa 

[00581 u±3^^/iiaa^ti, 1 mm<^m^^=m^ 
(,zwm.i^xmm^^->fz. t:^^-u. }mwf-(^mxmm 

v^^ , O^^feMiiH 1 (c^-r ct a 1 i^TC 

yxmh ^ *9>^(^e -y f-j^i^^ w-r ^ iHi^^t^s^ t 
mm^z^m^h^ihii'^x'^h. m(><r^mmt^m^i^± 
mxif^^^ n^t-nmzmwL vtz (r>xh d . ra?^ 
mm 2 c^-fii5ii: f«i t r^* h . 

[00591 ^?tlIIl^*&T^f^®rffit^?^*iia2C^ 
-rJ:a=^pg^J^i:o^^. 1^7 C^^ct a =5:^^:7^ 

[ 0 0 6 0 1 ^/c. ^S^I^colttH^Tti^^iClHl^tg 

[0061 1 iJt. 2|c|Uil6J^Srti:, 2^0^^^^ 
<rm^^hfzi)K 1imi^zm.^'thh<r>X\t^j:<. 3m 

m}±.x%> mt<r^n3ki)mhixh . 
[006 2 1 t.tz-^mmx\t. 2-)<Dnt^w^<r>m. 

^wm^^xi^i^\i^. ^fzS'ovx±.(om^^ir>^x'i^ ^ 



1 3 

[0063] tfz^mmx^kt. inirr^*^' i ^d^m 
m^mi'h h h cox-a:^mM(r>^^^n ^zt i^x- ^ 

[0065] lM8ti^ira<^l5irr^^^T$rJSi^^:^^ 

):,m^\.f^imsnmx^^=f\'k^->x\^h. ^\t^ 
[0066] ^mmmx'\,mmv>x}:. Lr©rri->' 

mx:\t. mx 3\z^^^':>\izmx^(nmxm^ 
m t^mMz^nt^-^j:^^^\.x\^fc.fz)h^ mBuyx 
tLx^t^tit^^m^^n^fcib. mi oc^-r 

^xoi^z. mY}^mm<Dmmtm^mti.x. 

[0067] last^^-^^j^^t'ti. 5j&mcO^ 

m^^xiicom(>zmm^m'¥-i^mfx\.^^ti^. z 
ti(,zm^-th <oTi,t^< . u yxmm<^m^irzmfx 

[0068] ifc:4cW6J^®T'<i;<r^ ^cr>mmuyX(7y 
m^trf^Ltif)^. ZtiitZm^-tti><:r)X'\i^j:<. t'^:^ 

"fi^^ fi'W^<o 'J -r- V yxmzmm lx h mm(o 

[0069] m9\i^^m(^\B\^^m'f^m^^ti^^ 
^comm&B 3 commimmx'h t . ^mmmmimm 
1 ^Mmmm(^mmy£^^<r>-mzmm vtz^ 

[oo7o]i^4'. 7\mmi^yx. &imt:mjL^-^ 
^tiisbcoyvxj^^ 9\imsiuyxx';ih^. m^3i>i. 

Wii iiznmuyxcr^mex'<D^umm^mm-i-h 
mmvm^^itx\i^^. 

[0071] ^JteJ^rti. MmuyX7c7>-mizWl 
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1 4 

tlf3t^^^l^J^fi&L/;:J^$r^L/c*\ rmclM^f 

X o^i^mirzmf^ztxi^muyx7co^x'co^i\m 

fmuyxmi^zmitf^ zt^^mt 
[0072] tt::^mmmmxuMwm(,zmm Ltim^ 

^a^mmmwm^x'h'yxti^K. Atluyx>'^^-y 
10 i$^-:^?^^K^}z^^/j}<^m(^^^^(oyr^yy-x' 

[0073] ^fzmmmm 1 1 mmzmtr\i^=Fm<Dt^'sk 
^zr>\e^xkmmm.'^^^y^-j->m^^'tixTh-^x%> 

[0074] 

[^mmm^m[kzxiixm±,<DXo\,z^ mmm^ 

h2r><r>mmi^^^'^U'^h-^xmWL'tl>Ch\iZX->X 

20 t^mw4mjm(^m^mm^±mzi!mtt z t tt^x- 
^ . y(^mzmm i^tc t ^ \x^iiisimm<omu^^^M(>z 

m(o^^mzim^j:mmy6^m'f-m/^ti^m^ ^ti^t'^ 
m^mm-tzit:¥X'^^. 

[ s 1 ] ^^mmmy^m'f-i^mmMm i <Dm^m 

[ la 2 ] :^^M(^^m^m^<^mtmm i (o-^j^ 

30 O^gPKffEia 

[[14] ^^)i(^mm^mi'<^mm^m i ^o-^^ 

[^6 ] ^^mmi^y^m^^^uyxx 
[ n 7 ] :^mi(7)mmy&^m'¥-<^m(om^mm^mm 

40 la 

[^8 ] :!^mMcomvfy6^m^^m^'^ti^'^'Wi<^mm 

mi 2} m^^^t^<^n^ 
50 [013] im:<7>mm^'7'<ommmm<^mmm 
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[^aiB] ¥^8^1 1H28H 

^mLt-t^m^mixii2<7)mm^m^. 
immm s ] mtm 1,^2 (^ig^fSi^co 1 mm\f^<o 

timm 1 xt± 2 (pymvfjft^m^. 

im^me ] Huidi^i . m2<D\Bimt^^(r>mm^x' 

Ll= (nl-1) dl 



L2= (n2-l ) d2 

[|g^7 3 HOlEll 1 . l^2OtlI^^S^^0S^m:^'C 
cot^m^mmm^nl. n2,J?$$rdl, d2i:L. 
^^^^Ll. L2^ 
Ll= (n 1-1) d 1 
L2= (n2-l ) d2 

i^2<u 1 

Cffl^^S 3 HfmB^ 1 . m2<7ym\Wf\t 1 i?:7tf&^ 
J: 0 T US ^ t -r S if 1 — 7 tfOt^m 

[fiOT9 3 Hofem 1 , m2<7>mtf\^'^\mc-vmf' 

i: 0 fife-:* T - fc ^^mi: -t-S 1 - 7 ^Oi.^-fix 
*>l^ie^i^lSirr3^¥f^i^, 

[fg^Jii 0 3 m^rni , ^2<7)iii^i&i^i7>ffl=^^ 
cif^ 1 1 3 mriam 1 i7)iHi^ir?(i 1 mmnxmB 
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im^m 1 3 3 mnem i <Dm^m^^± i JM^i^T-Hyis 
^^^^tTv^^<ri;^?*mi:-r-&fS^^i-i oco\^^r- 

t^J^fiKh-r^^^l-^l 3W^"m^&^l^ia^^OI5I 

mjEMmmm^'i ooo i 

[00013 

^, 

[?fiiE^^^3 mim 
miEiiiMimm^} 0005 

c 0 0 0 5 3 [MTti. mmmmm^-:fj\^iz-:>y,^xco;^ 
^Lf:ii3K iicom^mmmm^^^G^^^mtr^^t^ifZ 

yxttxi^m-t^. niTyxo^mmi^m^mmvfzu 
mz^j:h, mm<^xw:m\t^hi.x^<7^mm^nm\.x 

t#^tijE4 3 



0 0 2 5 

[ffiijEl^^3 

[0 0253 m::. (1-1-1) WmM 1 , m2iO[«!lJfi^1=g^ 

\mmk^^<r>w^mm^w^zm^hm^mmx ^ 

^oTv^^^:^. (1-1-2) Mes^i, m2(r>]m^T-(o 

i]^mn<om=T-\imL<^mmmt^ ^^'ox\i^h:it. 

(1-1-3) Hiria^i. ^201aliff^^^^c?5i^^f^<^t&^ti 
;p:$/j«Bi^fi<jt;:^'fl:i--s?i^^^J: '9;^l':>-rv^sc:fc. (1-1 
-4) mmmi, m2cr>\mt^<r>imm\H(n^wf-^±^y 
yir-ixm^^^^->x\i^h;it. (1-1-5) H-fiesi^i. 
m2<7^mm^^<nmwm^x'coi^mcnmtfx^^n \ , n 

2.Jf;?^dl. d2t T^^^m^Ll , L2$: 
Ll=<nl-1) dl 
L2= (n 2- 1) d 2 

t^hLtztt. m.i^^h^ti^'^^mnmm^x' 
m^--nHi^i^\<^xwy'^^t^^t. buI&i^i. ^2(r> 

u2<u 1 

^s^ft^^^i^-rs^fc. (1-1-6) Miemi. ^2600 

*f^&^^COS2^:gTtfOl^®iO@^^$: n 1 , n 2 . 
$rdl. d2tL. ^^5tif&:^Ll, L2$: 
Ll=(nl-1) dl 
L2= (n2-l ) d2 

i^2<i/l 

^sr^^^iSJ^-f^cii:, (1-1-7) m^mi , m2coWi 

JflWtili^CTC^&i^iOfiE'^TV^^.Cli:, (1-1-8) boIB 
mi. ll2iOlII^te^tilM'i:^P3*^^J:0fi^-:>TV>^^ 
(1-1-9) luiami . ^2cO|lI^t&^^ffl^^. fiU 

le^^t^ttTv^scifc. (1-1-10) Buiami^oiHj^?^ 

WLTl^SCt. (1-1-11) Hqia^20lBIJ?f?&^i:lM^ 

^ i: . (1-1-12) mm 1 ioiHirr*s^*i 1 i^sij^TBuia- 
ifmzm^fy^^m^^^^t^=f'^'^t- ms.m2(OMm 

^Mtx\^^^zt. (1-1-13) Hines^tiw^fi^T^'S. 

(1-1-14) lri2S^<iffl^^^Wt:^^M-C^b-SC:i: 

[MlWlfe3Sa^3 0 0 74 

[MiEF^^3 
[00743 
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